Do we have to reconsider the guidelines for exercise intensity determination in cardiovascular rehabilitation?
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The importance of exercise based cardiac rehabilitation in secondary prevention of cardiovascular diseases (CVDs) is beyond doubt. A significant number of randomized controlled trials and meta-analyses have shown the pivotal effect of cardiac rehabilitation on mortality, hospitalizations and quality of life improvement after an acute coronary syndrome or revascularization procedure as well as in patients with chronic heart failure. 1,2 Therefore, cardiac rehabilitation has, fairly, received a class IA recommendation in European and international guidelines although the majority of the contributing studies and meta-analyses show a substantial heterogeneity with respect to cardiac rehabilitation duration, intensity and volume. 3 This seems to be a logical consequence since the rehabilitated CVD patient needs a tailor made cardiac rehabilitation programme with all components aiming towards optimal efficacy by avoiding at the same time adverse events and unfavourable outcomes. Especially the exercise training component of the cardiac rehabilitation has to be highly individualized in terms of frequency, intensity, time duration and type. All these years of research have set well accepted limits for the majority of these components, with exercise frequency being 3-5 sessions per week, exercise duration varying from 30 min to 120 min and exercise type involving a large number of muscles (global training) or specific muscle groups (resistance training). However, the most important components of cardiac rehabilitation, which are the exercise intensity domains, are not yet fully standardized. Many different thresholds have been proposed for exercise intensity assessment for the prescription of an exercise based cardiac rehabilitation programme in a substantial number of guidelines, position statements and policy documents around the world. 4 The most common method to determine exercise intensity is by an exercise stress test prior to cardiac rehabilitation initiation. It is easy to perform, of low cost and provides two important measurements which have been used for years to individualize exercise intensity: heart rate at peak exercise (HRpeak) and maximal workload (Wpeak) measured in metabolic equivalents of task. Certain intensity cut-offs have been proposed by using percentages of these two easily reproducible parameters. However, HRpeak measurement is mainly based on patients' chronotropic capacity, therefore it may be easily affected by the autonomic nervous system dysfunction, the administration of anti-arrhythmic medication or co-morbidities such as diabetes mellitus, which are often present in patients with CVD. For this reason the use of heart rate reserve (HRR), the difference between HRpeak and resting heart rate (HR), has been proposed, with specific formulas accounting for the use of beta-blockers during the stress test. 5 Considering the above mentioned limitations of the HR based measurements, the fact that the Wpeak is not fully representing cardiorespiratory fitness in CVD patients and that exercise training has to be performed within aerobic limits, cardiopulmonary exercise test (CPET) indices have been proposed, that is, the first (VT 1 ) and second ventilator threshold (VT 2 ), as cutoffs for exercise intensity assessment. Thus, it seems more appropriate to use VT 1 and VT 2 when prescribing exercise training for a cardiac rehabilitation programme because these parameters describe completely the O 2 transport and utilization system response to exercise and they are considered as gold standard references for the evaluation of aerobic metabolism function. 6 However, most of the cardiac rehabilitation guidelines use %HRpeak, %HRR and %Wpeak for the assessment of exercise intensity, hence the correspondence of these indices with the gold standard VT 1 and VT 2 has to be clearly specified. Another reason is that CPET is a more expensive procedure and not always available before starting cardiac rehabilitation while the estimation of both ventilator thresholds is a rather complicated process limited by the inter-observer variability and sometimes not feasible to assess especially in highly deconditioned patients or patients with congestive heart failure.
The first attempts to investigate the relation of different exercise intensity determination parameters were presented in small studies including a total of 520 mainly male patients after myocardial infarction or coronary artery bypass graft (mean ages 52-63 years) with or without beta-blocker administration. All studies provided mixed outcomes but their main message was that exercise intensity could not be specified by HR parameters alone because these show a considerable variance when estimated either from an exercise stress test using adequate formulas or when measured at ventilator thresholds during a CPET. Interpretation had to be more cautious or special formulas used if patients were under betablockers, but again some differences were still present. [7] [8] [9] [10] In their recent study Hansen et al. address the same question with some additional contribution to the already existing research literature. They have enrolled the biggest cohort of CVD patients to date, including not only coronary artery disease but also heart failure patients. Although the patients' mean age is almost the same (63 years), female patients are more represented (28%). Modern, well-established methods for the measurement of exercise parameters have been used, and what is most important, they have compared the exercise training parameters measured at VT 1 and VT 2 with the exercise intensity domains for cardiac rehabilitation which have been proposed by the existing guidelines. They reported a significant discrepancy between the individual response to exercise and the different guideline-based exercise intensity domains (i.e. %VO 2peak , %HRR, %HRpeak and %Wpeak). At VT 1 both %VO 2peak and %HRR correspond to the high-intensity guidelines' level but %HRpeak and %Wpeak correspond to the low-intensity level. At VT 2 a suchlike discrepancy appears, with %VO 2peak and %HRR corresponding to the very hard guidelines' level while %HRpeak and %Wpeak correspond to the highintensity level. Another noteworthy finding is that, in quite fit patients (VO 2peak 25.0 ml/kg per min) the guidelines' exercise intensity cut-offs can be used with greater accuracy since they show higher consistency compared with all exercise intensity domains. This was not the case in the deconditioned patients (VO 2peak < 15.0 ml/kg per min). All other patients' characteristics could not explain these discrepancies. 11 These interesting observations clearly show that we may reach wrong decisions when prescribing exercise training if we follow the guideline-based exercise intensity domains because in some cases exercise prescription could be too challenging (i.e. low fitness patients) whilst in others (i.e. high fitness patients) it may be too easy. It sounds reasonable for the authors to effortlessly ask whether the existing guidelines should be reconsidered, especially if we consider that these guidelines present exercise intensity domains which have been validated in healthy individuals with a cardiopulmonary and muscle physiology which differs hugely from the CVD patients. 12 This study being the biggest of its kind may have the power to raise this question but larger and more specific studies are needed before reconsidering the present guidelines. These studies should be powered sufficiently to answer certain questions on how to determine exercise training intensity in cardiac rehabilitation, for example: i) which would be the most important parameter and in what range to better determine exercise intensity when starting exercise training and during all cardiac rehabilitation stages?; ii) to what extent might different CVDs or co-morbidities affect this parameter?; iii) could gender, age or exercise capacity affect its impact on exercise intensity assessment?; and iv) could this parameter, when used for exercise intensity determination, increase exercise capacity, quality of life and survival? When searching for the best method to determine exercise intensity we have also to keep in mind that this approach has to be easily measured, reproducible and with low cost. Finally, we have also to consider CVD patients who are unable to exercise properly, for example sarcopenic or frail. While the best way to determine exercise intensity is still to be found we have to reach a consensus on the best available parameter so far for exercise intensity definition. This will also help cardiac rehabilitation decision support systems which have been developed to incorporate a clear method to determine exercise intensity. 13 This will definitely help improvements in access to health care services via the Internet and telemonitoring and the development of new cardiac rehabilitation practices, such as home-based training and virtual cardiac rehabilitation programmes. 14 
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